DECLARATION 



I, Yasuhito Kajikawa, a member of Intertec 



Corporation of Tor anomon Akiyama b 1 dg . , 22-13, Toranomon 1 - chome , 
Minato-ku, Tokyo, Japan do solemnly and sincerely declare that 
I well understand the Japanese language and English language 
and the attached English version is full, true and faithful 
translation of the Japanese Patent Application No . 2000-152663 . 

And I made this solemn declaration conscientiously 
believing the same to be true. 



This 25th day of January, 2007 
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mmm tc ct d m rc mm & ?> x mmm © mm & m as l , 

BEttffiLfc*|SlB««©Htt£Si 1 ©*T^'JT»gL, 
#SI©ti$8£:BufEf?l2 ©#:r=f U tCcfc £#£l©fi $g££[Sl— ©HS-hK^-TS 

mzm i <D^^=i*ij *fc«g&BH^2 ©*^^u ©n-rna***, xm<D^mz 

[ff5}cJS6] 

m&mim&MmLTmtcmm&m^Tffimte&mimvxm&ftmTzxm 

&hi m u x mrnm © m £ © {3 t , 
MiB^i««»©iiu«i*MSB^RS©astatriB&*ttfciii-rsfl»«t tfeim 

&TLT;£SU KHBItfc<fc0 556£-rs 2 #m^£i!ufB;M<h|5j#i 
S-B-Ttftm-rs £ <fc \z£. DfT'p n £ £#M<h-r-5fii^JS 6 IH«©^:Rg»|g^j£. 

a(riH»a-rs^RB©a«tLT, mw.xmv>mmw, mwxm. mxm. mm. 
mmmm&mmv* 

m mm \z & o mtc mm& s xmmm <Dmm & & m l , 
Mtt m u fc x mmrn © ® & * m 1 © * ^ 3* u l . 
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% 1 cd#^=i*u \z<kz>frm<Dmmtmm?&2 (Du^^nj \z& 'o^m^tz^^m 

[IfjfcJS 10] 

m ltm u mbs^jc £ 0 z mzL-rz 2 xn? & buibm t mm 
m&mi 1] 

[ff^^l 2] 

mUWm±.\Zi£L^-tZ>W,2 (Dtiy-^^) \z& K) ftMLrz&%:(DmMtf. rnifB^ 

m&mi 3] 

m m m. ^ & -c m m l, t m it m m a ^ x m m m © a # £ & a -r & * rb « « m m ^ 

1 5^ 'J 

^©rt^'J^-St^at, 

ffiiB*HB«*f©iIifl&.!:WfESS 1 ©#^:*U#g|¥IST#8LfcBai2^lte««i© 
m 1 <Dj] J- -J 'J If & <h mflBm 2 ©* if 3* U »i?gT'»I L fcffifE*RB«*S©IB 

£ til A & d <h £ #m £ T £ X Wittmgi a. 

fc*tfcSE*f**> 6 f§£-r -5 2 $ mriB^s t mm ts -trx** aa-r * & m t 
, &&m¥&rv&tii vtz 2 &nT(Dmn\zm-3^Tmmmmim<n 2 ^m=f-m 

file 

[SMSSt 1 5] 

3*Jgl 3lB»©&H&$HKgB. 
6] 

MiB^ 1 <Dt)T3*jftM^&i£tz\iMmm2 <Dt>y-zs i)ftm^fk<D^-tnfr& 

> HuIB^RS^ffi^^|5|gcom^tc|g-r?,*^=fU Mt^CtMtt^i* 
Jill 3|B«©^pg^m^Bo 
[fS^l 7] 

cat*^ 1 8] 
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l & ©it m h & © mm ± k tts * u t^^t -s m t> t 
£ « n t * #m t -r s ^ m ftmm t. 

[ffc£Si 1 9] 

fc ^ e 56 £ r * 2 ^« ^ * hu s <h ^ $ * ai -r s *£■ m t 

*JgfiJt-r*lii«JgJ«SI5tSr4iATViS^<!:*#afrsa}^ I 8f2«©4:|5fg# 

m^m2 o] 
im#m2 i ] 

tsz\t*&m.tTz>m$im2 omwLoixmttmmw. 
m&m2 2] 

iMtt^Ml 8E«©^RB»JiSB. 

[ff5j<Jl2 3] 

S9IEm*#Ktt, M3H^2 ©*5"=f U^#©-C^SbfeSe*©1!S*8t LT. 
fBa©^RB»SSB. 

[^©SMffl&t&BJ] 

[0 0 0 1 ] 
[f691©R-rsatffi#»] 
*5g^tt¥»<*:®ia©«JglSfc:*v»T» :r/\©^Bg£*£tii U ^©^ 

[0 0 0 2] 

ctE*©a*] 

^^#:Ms.©MBxgtc*3ViTti, Kvj*!a^e*o*ii#-r*fcie)^, -e© 
mmxmx^&rz&mcDXffi&w-Mizm&^zimzft-o - tratfts. ^ 
nttsifit©«-&, KT©^^y^ic«k off tons. (i) 

£LfcfcRB*tt*L;fcg*&©*/?r (py-v3» (2) ^lii^n 

tcxm&mmv (^n^ixt'ix-chPf^) ^©^i%£^©feMBg'jt::#grr£ 
fl.«ft2E8B^£flH>-5«^ *>»■&. (3) ^ns^tcfoMfg^ii:^ 

o 

[0 0 0 3] 
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^SCfe^A^^St-rsci £K9U&©Stt&SIt>S{*L£l%B{*$Snr 

TiRft-fSeifrU'tfa.— (Automatic Defect Review ) RtX, iR* £ nfcllj# £ 
SS»Tr^^T^>^Rg^i&^^ (Automatic Defect Classification) ©«Hi£^r 

V fc*3. — gB©PB&J&*iS¥flSA»T*5. ffrffl 5 ? 10-135288 fctt, c©«k-5fc 
g lb 1/ 1* zl -*> «fc PH g fb*H£ttti& * W T S 1/ 1* -^B*3 «fc tfMig ^- a 

[0 0 0 4] 

[ fg m ifim » b ct -5 <t -r s as m ] 

* * = ©fc jk't — 9 <Dffj& Iz&Jj&J: Ztmm £ ST -5 £ V> o Hjg*«* ^ 

o 

[0 0 0 5] 

£ d«T # v i £ v » 5 ras# * -3 o 
[0 0 0 6] 

[0 0 0 7] 

m<Dmm*Km<Dmmm\zftmis. £©«««£#« b&^n^n©xB&«*t© 

® ± \Z B: Z> cfc O lC-b . 
[0 0 0 8] 

s & ^ & T js & b t $ ft m m & e x m m m © a « * a m -r & * rs £ m m m ^ & t. 

, d©^Rg^Milfitti#S-lrttfctibfe^RS^^©®#^m 1 ©#^zf'J \z%Wct% 
m 1 OiJf^'J^St, ^RB«»«itti^aT?ttffibfc^RB«»©liu«i*m2 
©#MU i:»ST5^2 ©*T-=f USHERS *RS#l*i©iiiigi<tfjl l ©#5f- 
:*y#£^S!:T$HKLjfc*fiB«li©f6 1 ©rtxrf 'J«$B£Sf§2 ©Ax^'ja-Si^ 
b fc^RB^fct© IB 2 © * 5r 3' U ©If $8 £ £ ti} -h -T S ffi * £ £ fil T 
*§/£bAc„ 
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[0 0 0 9] 
[0 0 10] 

Elite, ¥£#©&Jffi**SS';*7 i A©«JS£jSLTV>S. ^mfcO^/MZ^O) 

m&T.m^±c&xm^ttMT&mM&&}tiT&rz®izn.M&i&mw 101 

[0011] 

fc£EgKTra^x/\©Mfc^jS$n*A^ — >©^-&, ^AfcTA*^ — >© 
BfrU ^©/^ — ^^©R&A"^ — >£©*!*& (->3-F) *\ 

© f Bit i&SLT 3; fc«*<y h«7 — ^ 103 UT^r-^-X 104 CteiW 

$ns. 7—2 ^—t. io4T?ttKjgsnsss5r*/«cs.a^«J:^-€-n&©#i!tifi 

[0012] 

) *«frt>ns. 

[0 0 13] 

Ufa-Si 105 fctt, fi#©«£«/hfc#lffi©«&£fT'5&©^3£S«« 

«t57r-5?*tU, 5f^U-^j5^SEiiS*© + *^eglLfcV^HB*a!^« 
^T^i:, ^■©^RBA«SIR«©«SI«iFl'3JwA*«fc5fca»TX7 : — v^^Sr-r 

[0 0 14] 

105 Ktt, fl>«fc2EMK: «fc 0 4fe5S**»TLfc¥¥flE^a:Ad<-b: 
y h$n, -t©ttM*J&**.y h"7 — 1> 103 ^IUTt- 104 =tOSt*-jA 
£*l3o A^fcJ: D Ufa — *fT-5»-&tt, ii^©«-&^-^U-^d«^— 

^»v^^3&«»f©A*^e^e«*bfc^HB*Ji^u, ^©^Hsssaufticj: 
H«s*A*-r*. 

[0 0 15] 

103 104 fciatttstis. ciiiDAf^u 3- H^fijffl-rsc 

tiz&iQ, §Jl,B#J, ISS'K B#M»Jfc£Tj|£;&MU«©*PfiR3;©*RB©5g 

© P h* zl — fcM £ A^T'ff -5 «, ©f^H^ A-fcPf IB) i^^^It 

nitA^, «feaE*HA*lftttiUfc^BIB©"r^Tt»LTfT-5©"Ctt^:<Me.*» 

© ?j j* =t o m m -r * ^ r& * - © x m \ z m o * © ^ rs © * £ a* ^ t u x tT 5 © 

[0016] 

®#©5lf&*jilRW»3@i!jTfT"5 g®jl't::i-J!iig(Automatic Defect Review 

■5 * ftg ffi & © m to 7 - ? % m ^ t -t © & sb # t- p* u * e m 3g u tH -r « * a 
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Wlttm (Automatic Defect Classification £K~f ADC) HbE£: £ V M =l— m 
nm(t;/ - h;P)©i^#^T©^iiigs^RjB£& SEM(Scanning Electron Micr 

osco P y)^fflv^clxtf ^l— SH&flMc/fln-scitlci"***. 
V> & 1/ tf a. tc *> <o § T § £ £ ^ nJfjgX ■$> Z> . 
[0017] 

H2tt. ADBCDffli70-OlW^LT^5. ST. Hia-fiiO^r- 
^l:«ia!)iA*J|**n, MHS**«I!5*&*nS. ^ICt^l^-^^ADRt 

[0018] 
[0 0 19] 

cm e. © mm \t adr -r ^ # £*hb tfn o m $ n 7 -r * . 

[0 0 2 0] 

0 3tt, ADC &3<D 1 0!|£*LTH2>. ADC I* ADR T-5l*§U£:£:RBPiffc<i: 

[0 0 2 1 ] 
[0 0 2 2] 

£-#ib* ^ u ©#®s \z zmznmu iti^ rt^i-n? $n, m. hmn u x u 
z\(Dmmm<DmM<D i ?stLt> wits^^isf 10-135288 icw^n 

[0 0 2 3] 



7 



mi. 2, 3 lC^l>fc^*©J$fl5t;:J;S ADR. ADC T*(iRT©P51^S5. ST 

t «t o ^ 3* u #m? % z. t -ex m © m mtm &mm t- # * ^ s t & § . 

[0 0 2 4] 

Lrf^U ^(D^mtzii ADR S^ADC ©BMt bTjfi^g;fc©i^£ oT^&^©£ 
Wi£< ©lig^S&oT&rK 4fc£©iB**©#xA±fc&f&^lte##<# : fiEL 
[0 0 2 5] 

^RB*v^t)Ofr*. ^©^s^o^ay©^^ sii-r^tip^cit^j; 

^iWJ«*^€r^t3-a-sc: tT, *fc*i&ra&^s8l l &©&£ftjrr*c: 

£©B «©&«>£» ADR. ADC 0 &&RB©&fSH4* Bi&SUJfc L-£-©C7 x 
aoKI^S* 0 *^Si-rs d £>&*&£K:fc*. ^©licifrtt^fe tic 

[0 0 2 6] 

izrzm%:<Dt]im\z£z> adcth ^^-^©f^^i^t&^T^s,, #gi© 
KiLiiixfe < a. l*> L¥3S#©S(fltM' ^ ^©^jSHfc^ia^ 

ipJC «fcse»^|g*^SbJ&^«^^— ^©fPdc©»**j&St bftl> ADR, ADC 

zfts©»is*#ftr*fc*©#si^£«Tfci»iiii-r5. 

[0 0 2 7] 
[0 0 2 8] 

W&Wtmffi 501, £#*d»8B 502, Bift£-£i8B 503. IB^SBti^ 504 
, AtH^gP 505 £T, 2*Jfe«>x/\ 551 ^f- ^ 552 lCflf«3n, Sfc 

SiC/x/\(;o^T©^I*^iUtf#ai3 502 CKE^iiStiS. 
Iftjgie*©^^©**^^-^^ — ADR *ff 5£cRS£Affi;>jgB 505 ^ILTffil 

©»ftjrr*. ji3£$tifci*3«tt^<H»a5 502 fcfa«sns. 

[0 0 2 9] 

ADR AW^tl^t, ADR^*©S-^RBCOV»T^H©«»l*at^Rg**fi:«ftJe) 

$ na ct ^ k x 5=-- vw^ifr u ^RS8Btt©a«*«a« £ n a . 

[0 0 3 0] 

EI 5 (b)tt* : ?*3£©H««<fe*&jK 553 S^&tcfc 0 flBftTSftifc*^ 1 

t*-A 555te. it3€l/>X 554 \Z£^TMM2tt, filftgg 556 Kcfc 0 -€-©*fc 

^04> X R^Y^ftKM^n, %imv>X 562 l:J;oTl$$tl, tt**£x/\5 
51 KUR3*;5ftS. 

[0 0 3 1 ] 

mT^-A^mm^nrzU.mmm*^\t2'Am^Emm : f- (urn. z\nt>& 

i^ibT, 2*ffiH5) **5E£L. C© 2 ^ffi^T^tiJgg A, B, C, D(557~5 
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[0 0 3 2] 

*&ttS§g£bTte. St»©±^JCttffi3SA557 RrX«imaSB 558. b 
#4*^lSHCl«miagC 559. ttfflS D 560 J&*88:W-SnTV»£. B^ffiS C559. ^ 
diS D 560 lilt** £2* L, 180SiEW-rafiBfc:*5^nTV>4d«-tOAflE>& ? 180 SET 
J&4;ttt!»fPttftt5. >&tBgg A557 T'te. Sft'-A 5 5 5^^iA5 
5 1 tCjUtSn^d cfctCct D. K**£ 3uJ\ 5 5 1 j&>S38£L& 2 ^SfAllBS 
0+ Z^lfil^iScmsnjt 2 5*:« ; Ftt, fiirSjg§5 5 6©±^t;il£ttfcExB 
fiifrgg (H^-ar-T) ©«#Rtf*#©flUfllC«fcD*©«tii#tftffl|gA557 ©:£ft 

[0 0 3 3] 

tftttiSg A 557 <b*£ttfJ3g B 558 ©IHJfctt, S&g Vf SRf^I^K 7 W 

561 *mw--$z>o £©»*» mm^onta^n^ 2^i?©5^foi^w 
sn. x^-;^**vf «t o^c^v^^m^tt^-f ;p^*aauttttisgB 558 T?«ffi 

[0 0 3 4] 

b 558 T-^ffi£nfc{i^<=>#t>*i3M£ rx*;i^:7 )V#wVki 

[ 0 0 3 5] 

B7tttfi3>h77 h^RS*Si^L/i:t>©T»S. CI ©0«^S^MSi©»t 
jg£^Lfc*>©T**. SiS«±tC Si02«ia«JBj£;* *!■£-© ft BBKI, W (^>^X 

d i K «fc 9 Sttlitt**^: # < is. i fc -> a - h XBS)©*£ snxi^ 

o 

[0 0 3 6] 

£©#k:&ftlMBSl©&V>j&*&*<»:, •>x/\^iSj&>&Jicig'x©fi«EiK8&(ei'*© 
Pfigp<hiES^*3> h^x h©iiv»tUT4fttH-rsc:t3&«-r€r4. 

[0 0 3 7] 

*^565fr'&2^:«^©x*;i/^^©air»*#ijffl"rs. cna. j±«wx*;p 

Vf £dne> 2&*^»£©jtvsj&«g&ft£ft*«fc5£x*;p:?tefcK^U &s 

ffi=fc 0 2 *tf-®**ftUUB B 558 TtfcttJ-r&C: tT'ffi 

[0 0 3 8] 

tlttiggC 559. ^tBggD 560 ttSmM*> 2 £^n^**l 

fe*^«6©*iRi*^iftai'rs. ^mgsC 559, *ftttjgD560j&*stfttH£ft*iHfc£ 
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TV*3 Z. £\z£Z> a 
[0 0 3 9] 

is: &xm\z> &&tti^\zi$^Tmmznfc&mmz&^Tmi<LW'?m&2 
nz>j:o\z®:w®:isbt!fLz>$>(D}i-t : h. oso, ^mmzi5if^mB\HMm^m 

H ^-C««lftlilST?OliB«i»<ft**RI^ TS^feOt LTViS**. ^ntt^Ttt 
[0 0 4 03 

cd#^;«^«, umizm^-myt^mmm^u^emmmtm^uDv. 

[0 0 4 1 3 

a. — WA&i(FK^il»3t»c:«J: 0 if IT* mi J: v>. 
[0 0 4 2] 

v7*izmm?&^v7<DXffi^&£m~<D/*?>&m^%mwf\z&mvmm\zv 

c. D(557~56o)^n^n^^#rajii^^m$n^^ii^<hi5i^{c®^i2ti^5o 
4(ciBte$n§. ioo^wtct?#^R&ia«t#fiSiii«*as«iUfcei. ^<oxm 

[0 0 4 3] 

i6ll Bftft-gSR 503 TfT^n-&^RS<Z)SWj^MS(ADCMa)»->-^->X 
*^LTV»S. ADC Offlltt ADR J; £ M^MSK LTfTC> T *> 

A. m^^tiy-^^-f XB iPf^iit^. *M7^XAtt>:fi6S8£©*t«W 
[0 0 4 4] 

[0 0 4 5] 
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[0 0 4 6] 

Ell OH mm. *rXXM. E»*ffi©fe&»&«^«fcfi5v»fc ! b©T**. 
[0 0 4 7] 

SB^^|5(g1t#^I«BJ-r^o Ell 1 tt. SS^^RB<D0iJ&^^W{C^bTVi 
[0 0 4 8] 

2^m^-«o#BBiiii«A^iBi!i«*Kiii-r*. H12H mmmm-^m 

©l^JJSLTl^. (a)H SB8I§& 1201 RtfTiftSB 1202 (b)H M<£> 

g§8KO»fiiS|[bT*f)|lii5«I«08fl[^il3B5SSSlTl>5. (b) 

izis&^m&m-t, 2m.it-rn\-£. ( c )\z^-?m\z, tmw>$:&&. urn 

TfTofc©*<(d)T*4. 
[0 0 4 9] 

xmmmtmmmm<D%n®mm, ^>so(c)(d)&jt*srszitT, sb^^shw 

M (->a — h) LTV^-S^cDfiJ^^fT^ 5. £ fc dtt <E> 2 0©gBgjHJ 

momwm&BtWL. mtvxmtn^nrzm^. E*aaT*s©a>T«ia5Tifc 

O^^tx^lf % (SE^^--y>. E»¥:*-:/>> SB^>3-K 6B 

[0 0 5 0] 

TS©gEgg<h£Jg^-r-l>7U\°^ — >) ©->3 — h/^--7 p > ; £rV^'5^% EI 13 (3 

(Dm&m&^-tmK). ->3- h^Rgttx^;i/^7>f ;p^M±TjE«ffl5«kow* 

[0 0 5 1 ] 

*m»&#'5 i =f , J*iJ3£jG*fc:;*ftS. Ell 4 ted©#^zf UfJ^<D— 0*J£t&B^Lfc 
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[0 0 5 2] 

*s*cfi6©iaiStiii§j&* raj T^njiEiH^RBtiiai^HTft^Tt), -^©^r§£ 

[0 0 5 3] 

[0 0 5 4] 
[0 0 5 5] 

#ttw$ti^ t is^wi^fttLTa. ^(fr^y 7© asanas* 
^A^m#^4-^, te©^*>£tti*£nsm^£^©jfl#*ft*Mte<tJ*« 

«^«#tej&vafi£&&sci£fc«fcoTSg£TSfc©T*D. -^©A¥^§3M 

«#£3l#jgC L.T^5*>©fc:ieB-rs. 
[0 0 5 6] 

0 1 5(a)(b)(c)H, atfe^ffi©««l£^Lfc8!i£B-?*S. (a)te, £«J 1501 J&* 
«R©BB«fc»^T^*#^£jSL-T^*. d©«£, Wto 1501 f^ct 
BB«^fiT***n*<»Sfc»C©S%^l%**«a»^ttC**LSS[^i:fe*» 
(b)t3u Ei»*«B«-rsiBfi!t->3-hLTfet);i©«^t>«m«l4# 

[0 0 5 7 ] 

-*Bl 5(d)(e)(f)«. #atft^P8©0y*jSL.fc185£BT*£. (d)©«fcK 
#j 1501 ^#tLTfc. ■€-©fiB**/'?^><g«7&^tt-rnTVi*a«*giW4#ttfc» 

^»T»^tt>. -t©IB/hbfcSB»XW3gLfcig«3&«»/jN-r*nti*ft«l!!# 

[0 0 5 8] 

dns©#A^&*ijfflbfc*^=f7-rXB©»»ffla*itt^-r*. if. — ^ 
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[ 0 0 5 9] 

SfrSrt^U fc^lS$ns«CoViT, S^RS^Jl-tft^"^. Bl6f:, 
Jl * ^ -d V s T © & ffr 14 ^ M m © ~> — > x * 5^ •? . 
[0 0 6 0] 

««&#3£-r*. H 17 K*-r(a)^(i8iB»t(b)#jiaSI«EtT-t<7)air»*S*4<B« 
te(c)M H^TA* 7 A* 7 \ZM&t £ nJ Utt*** S fc«6 . £ ©A 7 A* 7 ©*ggC<@ 

J^XUT 1701 *^HS««tLTlE1ft-rs. 
[0 0 6 1 ] 

*tw» 2#ffi7@i#©#MH#^e>gei£^£ISI8T3o d©IBSl§§aitt» 0 
[0 0 6 2] 

fttftifcf r^gc^j tifc^ S«g|5tSi»««t©m«t*iS««k0tHSL/^ 

Vi®«(C#ffiLT^ntf r&ffrj 5 DIETS' * 

[0 0 6 3] 

±IEgi9mi» rt^:*^ Xb* rgc^j t rm&fti to2^i:»jSt5i 

[0 0 6 4] 

U^CtSK, ADC <Dzs — !r>7Tlt *ri7-f XAStfAf 37^XBT© 

a»»sjc«k o^Kic^ix 2 ^©sfrs*?^ u d©'>-^r> 

[0 0 6 5] 

etie>*ra , 7'fXAS^f^7'fXB tt, <t t ) a^fr#g^-r 

=r— $ &m & <=> & ^ #3*^— ^ f^fiKf^is© sum hmm 2 nx v»s „ 

[0 0 6 6] 

^^^©^M^T. 018tt. Atii7J§B 505 \Z&^T. *7-=fU 
1801 tt^R8liilife&i(g/hLT^Lfc®4ft&««*TS. §7-f3>liJtb« *-rrf 

1802 {'^s^g(Cct»9^xe>n/i^sgiDS:^7J7"=i*^-rXA, b 

•6tlT'0^r3' l J^SiSnT^I). Ctl6©T-r n>*«^7W > W 1803 ftl-SH 
I^tlTfcD, ffi — ©^ > H^F«3tElt$nTti*^RStt, — ©TJ^rn'UiC 
It^Ct^fW, 0 18 T-tt. S^-fy^liAfn^-fXAT'CAf^'J 
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\zfcZ>. 

[0 0 6 7] 

• 0 1 8 ©^JTte, £/>f > F 1 ^ 1 8 0 3 ©IgSt^r^'J^l'J 7 1 
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[Document Name] Specification 
[Title of the Invention] 

METHOD FOR CLASSIFYING DEFECTS AND DEVICE FOR CLASSIFYING DEFECTS 
[Scope of Claims] 

[Claim 1] 

A method for classifying defects of objects to be inspected using images 
obtained by imaging said objects to be inspected, comprising the steps 
of: 

imaging objects to be inspected; 

extracting defect candidate images from images obtained by said 
imaging step; 

classifying said extracted defect candidate images into a first 
category; 

classifying said extracted defect candidate images into a second 
category; and 

displaying on a screen said extracted defect candidate images and 
information about said classification into said first category and 
information about said classification into said second category relating 
to said defect candidates . 
[Claim 2] 

The method for classifying defects as described in claim 1, wherein said 
imaging of said objects to be inspected is performed by irradiating and 
scanning an electron beam focused on said objects to be inspected and 
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detecting, in synchronization with said scanning, secondary electrons 
generated from said objects to be inspected by said irradiation* 
[Claim 3] 

The method for classifying defects as described in claim 1 , wherein either 
said first category or said second category relates to defect 
criticalities . 
[Claim 4] 

The method for classifying def ects as described in claim 1 , wherein either 
said first category or said second category relates to defect types. 
[Claim 5] 

The method for classifying defects as described in claim 3, wherein said 
defect types include the following: particle defects, flaw defects, 
circuit pattern short defects, and circuit pattern open defects. 
[Claim 6] 

A method for classifying defects of objects to be inspected using images 
obtained by imaging said objects to be inspected, comprising the steps 
of: 

imaging objects to be inspected; 

extracting defect candidate images from images obtained by said 
imaging step; 

classifying said extracted defect candidate images according to 
defect types thereof; 

evaluating defect criticalities of said defect candidates 
classified into defect types; and 

displaying on a screen said defect candidate images along with 
information relating to said defect types and said defect criticalities. 
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[Claim 7] 

The method for classifying defects as described in claim 6, wherein said 
imaging of said objects to be inspected is performed by irradiating and 
scanning an electron beam focused on said objects to be inspected and 
detecting, in synchronization with said scanning, secondary electrons 
generated from said objects to be inspected by said irradiation. 
[Claim 8] 

The method for classifying defects as described in claim 6, wherein said 
defect types for classification include the following: particle defects, 
flaw defects, circuit pattern short defects, and circuit pattern open 
defects . 
[Claim 9] 

A method for classifying defects of objects to be inspected using images 
obtained by imaging said objects to be inspected, comprising the steps 
of: 

imaging objects to be inspected; 

extracting defect candidate images from images obtained by said 
imaging step; 

classifying said extracted defect candidate images into a first 
category; 

classifying said extracted defect candidate images into a second 
category; and 

displaying on a screen a distribution of said defect candidates 
classified into said first category on said objects to be inspected, 
information relating to said first category classification, and 
information relating to results classified by said second category 
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classifying means. 
[Claim 10] 

The method for classifying defects as described in claim 9, wherein said 
imaging of said objects to be inspected is performed by irradiating and 
scanning an electron beam focused on said objects to be inspected and 
detecting, in synchronization with said scanning, secondary electrons 
generated from said objects to be inspected by said irradiation. 
[Claim 11] 

The method for classifying defects as described m claim 9, wherein said 
defect candidate images are also displayed on said screen. 
[Claim 12] 

The method for classifying defects as described in claim 9, wherein 
information, which is displayed on said screen, relating to results 
classified by said second category classification is information 
relating to predicted yield of said objects to be inspected. 
[Claim 13] 

A device for classifying defects comprising: 

an imaging means for imaging objects to be inspected; 

a defect candidate extracting means for extracting defect 
candidate images from images obtained from said imaging means; 

a first category classifying means for classifying said defect 
candidate images extracted by said defect candidate extracting means 
into a first category; 

a second category classifying means for classifying said defect 
candidate images extracted by said defect candidate extracting means 
into a second category; and 
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an outputting means for outputting said defect candidate images, 
a first category information of said defect candidates classified by 
said first category classifying means , and a second category information 
of said defect candidates classified by said second category classifying 
means . 
[Claim 14] 

A device for classifying defects as described in claim 13, wherein said 
imaging means includes : 

an electron beam optical system means for irradiating and scanning 
an electron beam focused on said objects to be inspected; 

a detecting means for detecting, in synchronization with said 
scanning, secondary electrons generated from said objects to be 
inspected by said irradiation of said electron beam focused on said 
objects to be inspected by said electron beam optical system means; and 
an image forming section for forming secondary electron images 
of said objects to be inspected based on secondary electron signals 
detected by said detecting means . 
[Claim 15] 

The device for classifying defects as described in claim 12, wherein 
either said first classifying means or said second classifying means 
classifies said defect candidates into categories relating to defect 
criticalities . 
[Claim 16] 

The device for classifying defects as described in claim 13, wherein 
either said first classifying means or said second classifying means 
classifies said defect candidates into categories relating to defect 
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types . 
[Claim 17] 

The device for classifying defects as described in claim 16, wherein 
said defect types include the following: particle defects, flaw defects, 
circuit pattern short defects, and circuit pattern open defects. 
[Claim 18] 

A device for classifying defects comprising: 

an imaging means for imaging objects to be inspected; 

a defect candidate extracting means for extracting defect 
candidate images from images of said objects to be inspected; 

a first category classifying means for classifying said defect 
candidate images extracted by said defect candidate extracting means 
into a first category; 

a second category classifying means for classifying said defect 
candidate images extracted by said defect candidate extracting means 
into a second category; and 

an outputting means for outputting on a screen said defect 
candidate images, a distribution of said defect candidates classified 
by said first category classifying means on said objects to be inspected, 
said first category information, and information relating to results 
classified by said second category classifying means. 
[Claim 19] 

A device for classifying defects as described in claim 18, wherein said 
imaging means includes : 

an electron beam optical system means for irradiating and scanning 
an electron beam focused on said objects to be inspected; 
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a detecting means for detecting, in synchronization with said 
scanning, secondary electrons generated from said objects to be 
inspected by said irradiation of said electron beam focused on said 
objects to be inspected by said electron beam optical system means; and 
an image forming section for forming secondary electron images 
of said objects to be inspected based on secondary electron signals 
detected by said detecting means. 
[Claim 20] 

A device for classifying defects as described in claim 18, wherein said 
first category classifying means classifies said defect candidates 
according to defect types thereof . 
[Claim 21] 

A device for classifying defects as described in claim 20, wherein said 
defect types include particle defects, flaw defects, circuit pattern 
defects, and voltage contrast defects. 
[Claim 22] 

A device for classifying defects as described in claim 18, wherein said 
second category classifying means classifies said defect candidates 
according to defect criticalities thereof. 
[Claim 23] 

A device for classifying defects as described in claim 18, wherein said 
outputting means outputs on said screen, information relating to yield 
of products as information relating to results classified by said second 
category classifying means. 
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[Detailed Description of tlie Invention] 
[0001] 

[Industrial Field of Utilization] 

The present invention relates to a method for detecting defects 
in a semiconductor wafer in a semiconductor product production process 
and classifying the detected defects, and a device for the same. 

[0002] 

[ Prior Art ] 

In semiconductor product production processes, various types of 
defects generated in the production process must be discovered and dealt 
with early in order to maintain high product yields . This is generally 
achieved through the following steps. First, a semiconductor wafer to 
be inspected is inspected using a wafer visual inspection device, a wafer 
particle inspection device or the like to detect locations of generated 
defects and particles. Second, the detected defects are observed (this 
is known as reviewing), and these defects are classified according to 
the causes generating the defects. This review operation generally 
involves a dedicated reviewing device with a microscope or the like to 
observe the defect portions at a high magnification. However, it would 
also be possible to use a different device, e.g., a visual inspection 
device equipped with a reviewing feature. 

Third, response measures are taken based on these causes. 
[0003] 

If a large number of defects are detected by the inspection device, 
the review operation requires a large amount of work. Thus, recent years 
have seen significant development taking place around reviewing devices 
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having automatic defect review features, in which images of defect 
portions are automatically captured and collected, and automatic defect 
classification features, in which collected images are automatically 
classified. 

Japanese Unexamined Patent Application Publication (JP-A) No. 10-135288 
(1998-135288) discloses a reviewing device and production system having 
these types of automatic review and automatic defect classification features. 
In this conventional technology, classification categories, information 
relating to defects belonging to these categories, and the like are 
registered beforehand as training data. Then, when an automatic 
classification is performed, the categories for defects are determined by 
referring to the training data. 
[0004] 

[Problem to be Solved by the Invention] 
However, this conventional technology is based on storing 
classification categories as training data. In creating the training 
data, defect images for defects belonging to each category must be 
collected and feature values of these images must be calculated and 
registered by performing image processing. Thus, there are problems in 
that a large amount of time and labor may be required to create the 
training data. 

[0005] 

Not all generated defects influence the good/faulty evaluation of 
the final product. For example, even if a particle is present on the 
surface of a pattern, it is not necessarily the case that this adhesive 
particle is the cause of a faulty product if it does not affect the 
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electronic characteristics of the circuit. In the conventional 
technology described above, defects are classified into categories based 
on visual attributes of defects such as adhesive particles and pattern 
breaks. This provides information that is useful in setting up measures 
against the causes of defects, but it is not possible to evaluate whether 
the defects are critical to the product. In addition, the conditions 
in which defects critical to the product are generated cannot be studied, 
and predictions of the number of good products to be obtained from the 
wafer (yield prediction) cannot be made. 
[0006] 

The object of an embodiment of the present invention is to overcome 
the problems of the conventional technology described above and to 
provide an automatic classification method and device for classifying 
defects to provide information relating to defect criticality as well 
as a defect classification that provides information useful to 
determining causes generating the defects, and outputting this 
information . 

[0007] 

[Means for Solving the Problem] 
To achieve the above described object, an embodiment of the present 
invention provides a method for classifying defects in which objects 
to be inspected are imaged and the resulting images are used to classify 
defects of the inspected objects. Next, defect candidate images are 
extracted from the images obtained from this imaging. In addition, the 
extracted defect candidate images are classified by defect types, the 
criticalities of these defect candidates classified by types are 
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evaluated, and the defect candidate images and information relating to 
defect types and criticality are displayed on a screen. 
[0008] 

An embodiment of the present invention also provides a defect 
classification device that is configured with the following means: 

an imaging means that captures images of objects to be inspected; 

a defect candidate extracting means that extracts defect candidate 
images from the images obtained from the imaging means: 

a first category classifying means that classifies defect 
candidate images extracted with the defect candidate extracting means 
into a first category; 

a second category classifying means that classifies defect 
candidate images extracted with the defect candidate extracting means 
into a second category; and 

an outputting means that outputs defect candidate images and first 
category information of defect candidates classified by the first 
category classifying means and second category information of defect 
candidates classified by the second category classifying means. 

[0009] 

[ Preferred Embodiments ] 
The following is a detailed description of the embodiments of the 
present invention . 
[0010] 

Fig. 1 shows an architecture of a system for inspecting defects in 
semiconductor materials. A semiconductor wafer is inspected using a 
visual inspection device 101 and a particle inspection device 102 to 
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detect adhesive particles and defects generated in the production 
process. In the following description, these defect inspection devices 
are taken together and referred to as the "inspection device." 
[0011] 

The inspection device detects problems in the patterns formed on the 
wafer surface, e.g., pattern breaks ( open patterns ) , short-circuits with 
adjacent patterns (shorts), and particles adhesive to the surface and 
the coordinates of the defects in the wafer are output as the inspection 
results. The inspection results output from the inspection device is 
stored in a database 104 by way of a recording medium such as a floppy 
disk or by way of a network 103. The database 104 stores the various 
product types and the inspection data thereof in the production processes. 
Inspection result data can be accessed by the product, by the process, 
by the production lot, or the like. 
[0012] 

Next, a defect observation operation (review operation) is performed 
to study the details of the detected defects. 
[0013] 

In order to study fine defects, a reviewing device 105 is generally 
equipped with an optical microscope or an electron microscope of an 
electron beam type. The reviewing device also includes a stage on which 
the wafer is mounted. And the stage has a function to move automatically 
so that when the operator selects a defect to be observed from the 
inspection results, the defect is placed in the field of view of the 
microscope. The review operation can also be performed using a visual 
inspection device equipped with the similar feature rather than using 
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this type of dedicated reviewing device. 
[0014] 

A semiconductor wafer that has been inspected by the visual inspection 
device is set up in the reviewing device 105, and the inspection results 
are read from the database 104 by way of the network 103 . If reviewing 
is to be performed manually, the operator generally uses inputting means 
such as a keyboard or a mouse to specify defects, which are then observed 
under the microscope. The operator visually evaluates attributes 
(categories) of the defects and enters corresponding codes or the like. 
[0015] 

The category codes set up for defects by the reviewing device 105 
are stored in the database 104 by way of the network 103. These category 
codes can be used as data needed to determine defect generation conditions 
and defect prevention measures, e.g., defect counts for categories 
classified by the product, by the process, by the time period, or the 
like. Performing the review operation described above manually requires 
much time and work, so generally the defects to be observed are narrowed 
down to a subset of all the defects using some method rather than observing 
all the detected defects. 
[0016] 

Recently, reviewing devices equipped with an automatic reviewing 
feature, i.e. 

Automatic Defect Review (ADR) feature have been developed. In these 
reviewing devices, defects to be observed are selected, the stage is 
moved, and images of defect portions are captured continuously and 
automatically. Also, reviewing devices equipped with an automatic defect 
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classification feature, i.e. Automatic Defect Classification, ("ADC") 
feature have been developed. In these reviewing devices, the image data 
for defect portions resulting from automatic review operations is used 
to automatically evaluate and output defect categories . In the 
description below, an example is presented using a reviewing device 
equipped with an SEM (Scanning Electron Microscopy) image capturing 
device, which can image defects at high resolutions of a few nm 
(nanometers) . However, it would also be possible to use a reviewing device 
using an optical microscope. 
[0017] 

Fig. 2 shows an example of the flow of operations involved in ADR. 
First, a wafer to be inspected is mounted on the stage of the reviewing 
device and inspection results are read. Next, the operator selects 
defects to be processed by ADR out of the inspection results obtained 
from the inspection device. If the ADR throughput is fast and the amount 
of detected defect data is small, all defects can be processed by ADR. 
[0018] 

The reviewing device selects a defect out of the specified defects 
and moves the stage so that the defect position is roughly within the 
field of view of the observation system. Then, focus is set up to be 
optimal for capturing an image and the image is captured. 
This image shall be referred to as the defect image hereafter. The 
captured defect image is stored in a recording medium (e.g. , a magnetic 
disk) in the reviewing device. 
[0019] 

Next, the stage is moved and the portion, corresponding to the 
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above-mentioned defect portion, on a semiconductor chip adjacent to the 
semiconductor chip containing the above-mentioned defect portion is 
imaged. The pattern of this portion is similar to that of the defect 
portion. This image will be referred to as a reference image to the defect 
image. The reference image is also stored in the recording medium in 
the reviewing device. When the capturing of the reference image is 
completed, the defect image and the reference image for the next defect 
are captured in the similar manner described above. The above-mentioned 
procedure is finished after these operations have been repeated for all 
the defects to be processed by ADR. 
[0020] 

Fig. 3 shows an example of a flow of operations performed in ADC 
processing. In ADC processing, the defect images and reference images 
from ADR processing are used to automatically determine categories for 
defects. First, a defect portion is determined from the defect image 
and the reference image. More specifically, a differential image is 
generated by taking the difference between the defect image and the 
reference image. As a result, only the portion where the defect image 
and the reference image are different appears in the differential image, 
and this portion represents the defect portion. Next, the feature values 
of the defect are calculated using this differential image, the defect 
image, and the reference image. 

Feature values are quantitative representations of characteristics such 
as defect size, defect shape, and image contrast. Next, the feature value 
data is used to perform automatic classification processing to determine 
the defect category. 
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[0021] 

An automatic classification processing generally requires training 
data, which is data created by training the reviewing device regarding 
classification categories. To create this training data, multiple sample 
defects for classification categories are collected beforehand. Next, 
the same feature values used in the automatic classification processing 
are calculated for these training samples. Feature values are stored 
for each classification category. These classification categories are 
categories defined corresponding to visual differences in defects, e.g. , 
particle defects, flaw defects, pattern shorts, and pattern opens. 
[0022] 

During the automatic classification processing, the similarity 
between the feature value data of the defect being classified and the 
feature values of the classification categories stored in the training 
data are calculated. The defect category determined to be most similar 
is output as the category for the defect being classified. One method 
for calculating similarity is described in the conventional technology 
presented in JP-A-10-135288 . 
, [0023] 

The ADR and ADC processings based on the conventional technology shown 
in Figs. 1 to Fig. 3 have the following problems. First, the categories 
used for classification are defined based on visual observation of 
defects. This is because visually different defects can be considered 
to be caused by different factors. Thus, categorization based on visual 
observation of defects can aid in setting up measures to deal with defect 
causes . 



17 

[0024] 

However, with this method, ADR and ADC processings do not provide 
yield predictions for which there has been an increasing demand recently. 
Yield predictions are predictions of the number of good products that 
can be obtained from a wafer being inspected. Semiconductor production 
involves a large number of processes, and if an inspection indicates 
that there a large number of killer defects on a wafer, it may be more 
cost effective to discard the wafer. 
[0025] 

The term "killer defects" as used herein shall refer to defects that 
ultimately make faulty products of chips containing the defects. By 
considering the yield prediction results, the number of products to be 
produced, and the shipping date, the number of products to be set under 
production on next can be determined. To achieve this, ADR and ADC 
processings must be performed to automatically determine the criticality 
of each defect and predict the product yield for the wafer. The 
categorization based on criticality is performed based on different 
standards from the categorization based on the visual observation of 
defects described above. 
[0026] 

Also, in ADC processing according to the conventional technology, 
training data must be created. To have a high rate of accuracy in 
classification, a large number of sample defects with various variations 
must be collected and registered. However, semiconductor production 
cycles have been getting shorter and shorter in recent years, making 
the allocation of time to collect an adequate volume of sample defects 
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difficult. Based on these considerations, there is a need for ADR and 
ADC features that perform an automatic classification based on both 
defect criticality and visual features of defects and that also do not 
require the work involved in creating training data. Embodiments of the 
present invention, which overcomes these problems, will be described 
below. 

[0027] 

Fig. 4 shows a sequence of classification operations performed by 
an automatic image classification device according to an embodiment of 
the present invention. Fig. 5 (a) shows an overall architecture of the 
automatic image classification device according to one embodiment of 
the present invention. Fig. 5 (b) shows an architecture of an image 
capturing module. 
[0028] 

The present device according to one embodiment includes an image 
capturing module 501, a general control module 502, an image 
classification module 503, an image storage module 504, and an 
input/output module 505. First, a wafer 551 is mounted on a stage 552. 
Inspection results for this wafer are read by the general control module 
502. 

Next, using the input/output module 505, the operator specifies any 
number of defects to be processed by APR out of the defects from the 
inspection results. The selections are stored in the general control 
module 502. 

[0029] 

When ADR processing is started, the stage is moved to align each defect 
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to be processed by ADR Into the field of view of the device and an image 
of the defect portion is captured. 
[0030] 

Fig. 5(b) shows an electron beam image capturing system. An electron 
gun 553 irradiates an electron beam 555, which is focused by a condenser 
lens 554. Deflectors 556 deflect the path so that the beam is scanned 
in the X and Y directions in the figure . The beam is focused by an objective 
lens 562 and reaches the wafer 551. 
[0031] 

Secondary electrons and reflected electrons (hereinafter referred 
to collectively as secondary electrons) are generated at the surface 
of the wafer to which the electron beam is irradiated. These secondary 
electrons are detected by detectors A, B, C, D (557 - 560) . The intensities 
of the detected secondary electrons are converted into electronic 
signals, which are then amplified and converted into an image signal 
in which intensity is represented by brightness. The image is displayed 
by the input/output module 505 or is converted to digital data and stored 
in the image storage module 504. 
[0032] 

With regard to the detectors, the detector A 557 and the detector 
B 558 is disposed above the wafer and the detector C 559 and the detector 
D 560 are disposed at angles with the wafer. In the figure, the detector 
C 559 and the detector D 560 are in 180 degree symmetry relative to the 
wafer, but this angle does not need to be 180 degrees. The detector A 
557 detects secondary electrons generated by the wafer 551 due to the 
irradiation of the electron beam 555 on the wafer 551. The secondary 



20 

electrons radiating in the Z direction in the figure are deflected in 
the direction of the detector A 557 due to the operation of the magnetic 
field and the electric field of an E x B deflector (not shown in the 
figure) disposed above the deflectors 556 and detected by the detector 
A 557. The image captured by the detector A will be referred to below 
as the "secondary electron image" . 
[0033] 

Also, an energy filter 561 having a voltage difference Vf is disposed 
between the detector A 557 and the detector B 558. As a result, the 
secondary electrons discharged from the wafer with energy less than Vf 
do not pass through the filter and are detected by the detector A 557. 
The secondary electrons with energy greater than Vf pass through the 
filter and are detected by the detector B 558 . 
[0034] 

The image obtained from the signals detected by the detector B 558 
will be referred to as the "energy filter image" . This energy filter 
image allows defects to be detected through voltage contrast differences 
occurring on the wafer surface. 
[0035] 

Fig. 7 illustrates voltage contrast defects. This figure shows a 
cross-section of a semiconductor product. A Si02 film is formed on a 
Si substrate, and plugs are made of W (tungsten) . The figure shows 
examples of normal contact area between a plug and the Si substrate, 
no contact area (an open defect), and a large contact area formed by 
two plugs connected to each other (a short defect) . 
[0036] 



When these types of contact area differences are present, the voltage 
at the wafer surface varies due to differences in the current paths (the 
dotted lines in the figure) from the wafer surface to the bottom surface. 
These voltage differences affect the intensity of the secondary 
electrons generated from the wafer surface, which allows the differences 
between the defective ^areas and normal areas in the captured image to 
be detected as contrast differences. 
[0037] 

To emphasize the differences between the voltage contrast defect 
areas and the normal areas, the differences in energy distribution of 
the secondary electrons generated from different portions are used. In 
areas with relatively low energy, significant differences in secondary 
electron intensity are not seen, but in areas with relatively higher 
energy, differences in secondary electron intensity between normal areas 
and defect areas (open and short defects) are detected. Thus, Vf is set 
to an energy value that allows the differences in secondary electron 
intensity to be prominent so that only secondary electrons having an 
energy greater than a certain value are detected by the detector B 558. 
As a result, voltage contrast defects can be detected. 
[0038] 

The detector C 559 and the detector D 560 detect secondary electron 
images of the wafer surface from angles to the left and to the right. 
The images detected by the detector C 559 and the detector D 560 are 
referred to as the "left /right images" in this description. This is 
because the images obtained from the detector C 559 and the detector 
D 560 are taken from the left and from the right , as opposed to the detector 
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A 557 that detects secondary electron Images from above the wafer. 
[0039] 

The defects are imaged so that their positions within the different 
images captured by the detectors are identical. In other words , identical 
coordinates on the different images will correspond to the same position 
on the wafers. In this example, the images are set up to be captured 
at the same time, but this is not always needed. The images can be captured 
with timing offsets. 
[0040] 

When an electron beam image is captured, the irradiated electrons 
generally generate a charge-up effect in which the wafer becomes charged. 
When the wafer is charged up, the intensity distribution of the secondary 
electrons and the like from the wafer can change and result in a captured 
image that is out of focus. In such cases, an ultraviolet light 
(ultraviolet light irradiation system not shown in the figures) can be 
irradiated to the wafer in order to let the charged electrons escape. 
[0041] 

Furthermore , when capturing wafer images with review SEM processing, 
there is a risk that charge-up during defect inspections using 
electron-beam visual inspection devices and the like may affect image 
capturing during the review operation. In such cases, an, ultraviolet 
light (ultraviolet light irradiation system not shown in the figures) 
can be irradiated to the wafer in order to let the charged electrons 
escape before the review processing. 
[0042] 

After imaging the defect portion using the imaging means described 
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above, the stage is moved to a chip adjacent to the chip containing the 
defect portion, and further to a portion of the chip that has the same 
pattern as that of the defect portion. An image is captured in the same 
manner as described above. This image is referred to as a reference image. 
Reference images are detected by the detectors A. B, C, D (55 7 - 560) 
and are stored in the image storage module 504 in the same manner as 
the defect image. Once the defect images and the reference images have 
been captured for one defect, imaging is performed for the next defect. 
This sequence is repeated until all the defects to be processed by ADR 
have been imaged. 
[0043] 

Fig. 6 shows a sequence of operations for an automatic defect 
classification (ADC) processing performed by the image classification 
module 503. This ADC processing can be performed either synchronously 
or asynchronously with the image capturing operations. 
In the ADC processing, an automatic classification based on two different 
sorts of guidelines is performed and two category codes are output. In 
the following description, one will be referred to as categorization 
A and the other will be referred to as categorization B. Categorization 
A is a category in which defects are classified using the visual 
appearance of the defects as the guideline. Categorization B is a category 
in which defects are classified using the criticality of the defects 
as the guideline. First, the contents of categorization A will be 
described. 

[0044] 

Fig. 8 shows an example of classification categories for 
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categorization A. In categorization A, each defect is classified 
automatically as one of these categories. The "other" category is a 
category for defects that do not belong to any of categories other than 
"other". In categorization A, three types of defect information are 
calculated from each captured image: (1) defect surface shape 
information; (2) circuit pattern defect information; and (3) voltage 
contrast defect information. Then, these types of defect information 
are used to perform classification. 
[0045] 

Fig. 9 shows differences in surface shapes for different defect 
variations. A particle adhering to the surface results in a protrusion 
on the surface. A flaw defect results in an indentation that looks like 
a section has been dug out of the surface. Circuit pattern shorts and 
circuit pattern opens (hereinafter referred to as circuit pattern 
defects) do not show surface shape differences. This type of defect 
surface shape information, which indicates such circuit pattern defects, 
can be detected as quantitative data through the use of the left/right 
images . 

[0046] 

Fig. 10 shows schematic representations of left and right images of 
a particle, a flaw defect, and a circuit pattern defect. A protruding 
defect such as from a particle and an indented defect such as from a 
flaw will show opposite types of shadows in the left and right images. 
Defects where the surface is flat will not show shadows. This is due 
to the fact that when irradiation is applied from one direction, shadows 
will be formed in the opposite directions. As a result, the direction 
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in which shadows are formed and the position information of the defect 
portions obtained from the differential image resulting from the defect 
image and the reference image can be used to determine if a defect is 
protruding, indented, or neither. This provides the defect surface shape 
information . 

[0047] 

Next, circuit pattern defect information will be described. Fig. 11 
shows schematic examples of circuit pattern defects. Circuit pattern 
defects include open defects where a circuit pattern 1101 is broken, 
and short defects where a circuit pattern is expanded and comes into 
contact with an adjacent pattern. Additionally, there are half -open 
defects where the pattern is narrowed but not broken, and half -short 
defects where the pattern is expanded but not in contact with an adjacent 
pattern. These defects can be detected using the method described below. 
[0048] 

First, a circuit pattern area is recognized from a secondary electron 
reference image. Fig. 12 shows an example of a method for recognizing 
circuit patterns. Fig. 12 (a) shows an image of circuit pattern areas 
1201 and background areas 1202. Fig. 12 (b) represents a cross -section 
of the signal intensity of the image, where the vertical axis represents 
image intensity, i.e. brightness. Fig. 12 (b) shows that the circuit 
pattern areas are brighter than the background areas . Thus , by setting 
up a threshold value as shown in Fig. 12(b) and converting the image 
to a bi- level image, the circuit pattern areas can be emphasized as shown 
in Fig. 12 (c), where the background areas are white and the circuit 
pattern areas are black. Fig. 12 (d) shows the result obtained when the 
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same operation is performed on a defect image. 
[0049] 

Circuit pattern defect information can be obtained by comparing the 
circuit pattern images of a defect image and a reference image, i.e. 
by comparing Fig. 12 (c) and Fig. 12 (d). For example, by studying the 
connections in the circuit patterns (the black areas in the figure) around 
the defect portion, an evaluation can be made of whether a circuit pattern 
is open or there is contact (a short) with another circuit pattern. Also, 
a defect can be evaluated as open or short by calculating the differential 
image of these two circuit pattern images and determining if the area 
extracted as the difference is a circuit pattern area or a background 
area. The information obtained through these operations (circuit pattern 
open, circuit pattern half -open, circuit pattern short, and circuit 
pattern half -short) is the circuit pattern defect information. 
[0050] 

Next, voltage contrast information will be described. As mentioned 
in the discussion of the image capturing principle, an energy filter 
image can be used to detect voltage contrast defects. Voltage contrast 
defects refer to shorts or opens of vertical patterns on the wafer (e.g. , 
a hole pattern connecting an upper- layer circuit pattern and a 
lower- layer circuit pattern) . As shown in the schematic drawings in Fig. 
13, short defects are brighter than normal areas in energy filter images, 
while open defects are darker than normal areas . Thus , by comparing the 
gradation values of defect areas with those of normal areas, a defect 
can be determined to be short or open. This provides the voltage contrast 
defect information . 
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[0051] 

Once the three types of defect information described above have been 
calculated for a defect, this information is used for category evaluation. 
Fig. 14 shows a table illustrating an example of category evaluation. 
The table for category evaluation based on surface shape information 
and circuit pattern defect information is shown to make the table easy 
to read. The table shows the relation between defect attributes obtained 
from surface shape information (protrusion, indentation, other) and 
attributes obtained from circuit pattern defect information (short, 
half - short , open , half - open ) . 
[0052] 

The names shown in the fields of the table are the judgment category 
names . These category names are selected from the categories shown in 
Fig. 8. With this table if the defect surface shape information is 
"protrusion", the defect will be evaluated as a particle no matter what 
the circuit pattern defect information is. The voltage contrast 
information can be handled in the same manner. 
[0053] 

By using this type of table, final categories can be determined from 
combinations of multiple types of defect information obtained using 
different types of captured images . The values in this table can be 
modified as appropriate according to the particular semiconductor 
production line in which this automatic classification device is used. 
To do this, the operator uses the input/output module 505 to change the 
contents of the table according to the defects generated in the production 
line and the production processes involved. This concludes the 



28 

discussion of categorization A. J 
[0054] 

Next, categorization B will be described. In categorization B, the 
degree of criticality that a defect has on the product is evaluated. 
The evaluation categories in categorization B are "killer defect" and 
"non-killer defect". 
[0055] 

Electronic characteristics of semiconductor products are inspected 
with the use of LSI testers and memory testers before shipment. One method 
for product inspection involves providing an input signal to a terminal 
on the semiconductor chip and comparing the signal output from another 
terminal with an expected value. This is used to determine if the product 
is good or bad. Faults occur because the electronic characteristics are 
different between those of good products and those of bad products. The 
majority of faults are due to defects generated in the production stage, 
especially a contact between a circuit pattern and another pattern, a 
contact between a pattern and a particle, and the like. 
[0056] 

Fig. 15 (a). Fig. 15 (b), and Fig. 15 (c) are schematic diagrams 
showing examples of killer defects. Fig. 15 (a) shows a particle 1501 
bridging gaps among multiple circuit patterns. In this case, the particle 
1501 can cause the multiple circuit patterns to be connected. Thus, this 
type of a particle defect will often be a killer defect in relation to 
electronic characteristics . 

Fig. 15 (b) shows a circuit pattern shorting another circuit pattern. 
This can lead to a killer defect in relation to electronic characteristics . 
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The same can be said for the open circuit pattern defect shown in Fig. 
15 (c) 

[0057] 

Fig, 15 (d). Fig. 15 (e), and Fig. 15 (f) are schematic diagrams 
showing examples of non-killer defects. When the particle 1501 adheres 
to a portion of the wafer, as shown in Fig. 15 (d) , its position is away 
from patterned areas so it is not critical in relation to electronic 
characteristics . 

With the circuit pattern defect (half-short) shown in Fig. 15 (e) and 
the circuit pattern defect (half -open) shown in Fig. 15(f) , the defects 
will not be killer-defects in relation to electronic characteristics 
if the narrowed area or expanded area are small respectively. 
[0058] 

Taking these issues into consideration, the classification 
processing for categorization B will be described. First, a method using 
the classification results from categorization A will be described. In 
this method, all defects belonging to categories evaluated in 
categorization A are determined to be in the same categories in 
categorization B respectively. For example, it is the case where short 
defects and open defects can be classified as "killer defects" and 
half -short defects and half -open defects can be classified as 
"non-killer defects". In this case, an attribute of either "killer 
defect" or "non-killer defect" can be applied to each of the categories 
from categorization A. When performing categorization B, this attribute 
can be looked up to allow automatic classification. These attributes 
can be set up flexibly by having the operator use the input/output module 
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505 to set up attributes. 
[0059] 

Next, an example where defects belonging to the same category in 
categorization A are classified in different categories by 
categorization B will be described with particle defects taken as 
examples. Fig. 16 shows a sequence of operations performed to evaluate 
criticality with regard to particle defects. 
[0060] 

First, a defect area is determined through differential image 
processing with the use of the defect and reference secondary electron 
images. Fig. 17(a) shows a defect image. Fig. 17 (b) shows a reference 
image, and Fig. 17 (c) shows a differential image. As shown in Fig. 17 
(c), the difference between the defect image and the reference image 
may be dispersed as multiple sections, so a parameter indicating the 
defect area can be created with the use of these multiple sections. For 
example, it may be the maximum rectangular area 1701 that contains all 
the dispersed sections of the difference. And it can be stored as the 
defect area. 

[0061] 

Next, a circuit pattern area is recognized from the reference 
secondary electron image. This circuit pattern recognition can be 
performed in the same manner that the circuit pattern defect information 
is obtained in categorization A shown in Fig, 12. Evaluation of 
killer/non-killer defects is performed by examining the overlap between 
the recognized circuit pattern areas and the defect area. 
[0062] 
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In the examples shown in Fig. 15 (a) and Fig. 15 (d) , a defect is 
a "non-killer defect" if the particle area and the circuit pattern area 
are close but not touching. However, it is also possible to use the image 
to calculate the distance between the circuit pattern area and the 
particle area and to change the categorization to "killer defect" if 
the distance is smaller than a certain value, i.e. if the distance between 
the circuit pattern area and the particle area is smaller than a certain 
distance. The same criticality evaluation can be performed for flaw 
defects in addition to particle defects. This is the automatic 
classification processing performed in categorization B. 
[0063] 

In the description above, categorization B classifies defects into 
two types, i.e. "killer defects " and "non-killer defects" . However, more 
detailed classifications can be made. Also, the degree of "killer" or 
"non-killer", i.e. , the criticality rate (the probability that a defect 
will be critical), can be defined and used in classification. 
[0064] 

As described above, the categorization A and the categorization B 
in the ADC sequence result in an automatic classification where two 
different categories are applied to each defect. This sequence of 
operations is repeated until all the defects to be processed by ADC have 
been processed. 
[0065] 

The automatic classification can be performed for both categorization 
A and categorization B without the need for training data. In other words , 
this eliminates the work involved in creating training data which 
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includes definition of categories, collecting samples for each category, 
and registering training data. 
[0066] 

Next, a sample display of classification results will be shown. Fig. 
18 shows an example of a display of categorized defects in the 
input/output module 505. In this figure, icons 1801 represent images 
in which defect images have been shrunk down. For each icon, a category 
display area 1802 displays a defect ID assigned by the inspection device 
and the categories from categorization A and categorization B. These 
icons are arranged in windows 1803. Defects placed in the same window 
belong to the same category. In Fig. 18, the windows represent categories 
from categorization A. The windows can be based on categorization B as 
well. Allowing the two display methods to be switched back and forth 
will make it easy for the operator to view the information. 
[0067] 

In the example shown in Fig. 18, the category from categorization 
A is shown in both the top of the window 1803 and in the category display 
area 1802, but it would also be possible to have it displayed in just 
one or the other. 
[0068] 

Fig. 19 shows another example of a classification result display. 
A wafer map 1901 displays a map of defect positions on the wafer. An 
image display area 1902 displays a defect image selected from the map 
by the operator. It would also be possible to have multiple images 
(secondary electron image, left /right images, and the like) displayed 
in a row . 



33 

[0069] 

If the operator selects a category from a category display area 1903, 
defects corresponding to the selected category are highlighted on the 
map. This allows defect distributions to be observed by the category. 
A graph area 1904 displays a graph of defect counts by the category. 
The graph area 1904 can be used to display defect counts for each of 
the categories from categorization A and categorization B as well as 
defect counts for combinations thereof (e.g., defects that are both 
"particle" and "killer-def ect " ) . 
[0070] 

A yield display area 1905 displays a predicted yield. A predicted 
yield is a value indicating the number of chips estimated to be good 
relative to the total number of chips on the wafer. This is calculated 
based on the automatic classification results from categorization B. 
Each chip is examined for the presence of killer defects, and chips 
containing killer defects are considered faulty chips while chips not 
containing killer defects are considered good chips. This allows the 
predicted yield for the wafer to be calculated. 
[0071] 

If it is known beforehand that there is a correlation between defect 
categories and processes in which the defects are generated, this screen 
can also be used to display estimates of processes in which the defects 
were generated (not shown in the figure). 
[0072] 

For example, if it is known beforehand that the cause of circuit 
pattern short defects is a problem in the preceding etching process. 
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the user can use a pointing device such as a mouse to select a category 
from the category display area 1903, and then the estimated defect 
generation process based on the category name can be displayed on the 
screen. If defects belonging to a category selected by the user is 
displayed in a manner different from the other defects displayed on the 
wafer map 1901, the user can see both the process in which the defects 
were generated and the position information of the defects at the same 
time . 

[0073] 

Fig. 19 shows the wafer map 1901, the image display area 1902, the 
category display area 1903, the graph area 1904, and the yield display 
area 1905 displayed on the screen at the same time. However, the present 
invention is not restricted to this. It would also be possible to have 
any number of items out of the five items above displayed in combination, 
or the items can be displayed individually. On top of that, any of the 
items can be displayed in combination with other display items. 
[0074] 

For example, the wafer map 1901 and the yield display area 1905 can 
form one display screen. Alternatively, the wafer map 1901, the category 
display area 1903, and the yield display area 1905 can form one display 
screen. Alternatively, the wafer map 1901, the image display area 1902, 
and the yield display area 1905 can form one display screen. 
[0075] 

Also, the image display area 1902 can display images and display 
categories (from categorization A and/or categorization B) , as shown 
in Fig. 18. 
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[0076] 

Next, another embodiment of the present invention will be described. 
Fig. 20 shows a category structure diagram used in an automatic image 
classification device according to the present invention. The system 
categories referred to here are categories from categorization A of the 
embodiment described above. The image categories are categories created 
by the operator. The lines between the system categories and the image 
categories indicate links between categories , and each image category 
is included in a system category that it is linked to. A single system 
category can be linked to multiple image categories . These links allow 
a single system category to break into multiple image categories. 
[0077] 

An example of image categories corresponding to the system category 
of "a particle" will be described. 
[0078] 

Multiple types of particles can be generated by different causes in 
a semiconductor production process. Since different measures are 
required to deal with these particles, they must be classified. 
Classifying these particle types is not possible with categorization 
A of the embodiment described above. Image categories are categories 
used to provide this type of detailed classification and are defined 
by the operator. Examples of image categories are shown in Fig. 21 , which 
shows a black particle and a white particle. In this example, the use 
of image categories is illustrated when there are two types of particles 
with different colors. 
[0079] 
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First , training data is created to classify these two types of 
particle defects. This involves collecting multiple images such as those 
shown in Fig. 21 to be used as "black particle" and "white particle" 
image samples. Then, classification feature values are calculated and 
stored for each category. This results in the creation of image category 
training data. These feature values are quantifications of particle 
appearances such as brightness of images and areas of defect portions. 
If, during categorization A of the automatic classification processing, 
one of the categories has been linked to image categories, the training 
data is referenced to determine which linked category the entry should 
belong to. This allows categorization A to be performed with higher 
precision, i.e. the classification for setting up measures against the 
causes of defects can be performed with higher precision. 
[0080] 

Also, these image categories can be used to increase the precision 
of the classification performed in categorization B. In the embodiment 
described previously, particles that bridge circuit patterns can lead 
to continuity between circuit patterns and therefore the particles are 
evaluated as "killer defects". However, if the particles are not 
conductive, they should be evaluated as "non-killer defects" even if 
they bridge multiple circuit patterns. In the previous example, if there 
are some data, e.g. , molecular analysis results, to indicate that "black 
particles" are not conductive, these black particles should be evaluated 
as "non-killer defects" regardless of their locations. 
[0081] 

This is implemented by setting up a killer flag for image categories 
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if all the defects that belong to the image categories are known 
beforehand as "killer defects" and by setting up a non-killer flag for 
image categories if all the defects that belong to the image categories 
are known beforehand as "non-killer results" . This work to set up a killer 
flag or a non-killer flag should be done when training categories are 
defined. When an automatic classification, in particular the automatic 
classification for categorization B, is performed, this information is 
referred to. 

[0082] 

Fig. 22 illustrates the sequence of operations performed for an 
automatic classification using the category structure including image 
categories . 

[0083] 

First, categorization A is performed. Specifically, (1) circuit 
pattern defect information, (2) surface shape information, and (3) 
voltage contrast information are calculated from the captured images 
and a system category for categorization A is determined. Then, the 
determined system category is checked to see if it has links to image 
categories. If there are such image categories, the image category most 
applicable is selected and this serves as the category determined by 
categorization A . 
[0084] 

Next categorization B is performed. If a defect is classified into 
an image category by categorization A, the image category is checked 
to see if a killer or non-killer defect flag is set up for it. If so, 
the flag is used as the classification result for categorization B. If 
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not, or If the automatic classification result from categorization A 
is a system category, categorization B is performed in the same manner 
as the embodiment described above. 
[0085] 

Fig. 23 shows a sample display of automatic classification results 
when image category training is performed. As in Fig. 18, each window 
shows a single category. In this figure, the windows display categories 
from categorization A. For categories ("particles") with links to image 
categories, the category name and the image category name are displayed 
to distinguish these from system categories (e.g., "pattern shorts" in 
the figure) that do not have links to image categories. 
[0086] 

If a system category has links to multiple image categories, as in 
the * 'particles" category shown in the figure, the results belonging 
to them are displayed in a row to allow easy visual recognition that 
the results belong to the same system category. As with Fig, 18, the 
screen Fig. 22 can be switched to windows based on categories from 
categorization B. 
[0087] 

The above description has presented the flow of operations for 
representative device architectures and automatic classification 
processing according to an embodiment of the present invention. In this 
description, the examples where two classifications that use two 
different guidelines, that is, categorization A and categorization B, 
are performed with the use of four imaging detection systems that capture 
images of defect portions using their different features (discharged 
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secondary electrons, reflected electrons, energy of absorbed electrons, 
and discharge directions thereof) have been described. However, the 
present invention is not restricted to this . 
[0088] 

For example, three different classifications can be implemented by 
introducing a classification based on a new categorization guideline 
C. An example of categorization C is a classification based on defect 
size. In this case, the distribution of killer/non-killer defects (the 
classification from categorization B) classified by defect size and 
defect appearances (the classification from categorization A) 
classified by defect size can be seen, and also the correlation between 
the above-mentioned distributions can be seen. The classification based 
on defect size refers to, for example, the classification where defects 
with the longest diameter of their defect areas 0.5 microns or less are 
classified into S, defects with the longest diameter of their defect 
areas 0.5.-1 micron into M, and defects with the longest diameter of 
their defect areas 1 micron or greater L. Thus many categorization types 
based on different guidelines can be defined as needed. This provides 
more useful data to set up measures and the like to deal with defects . 
[0089] 

Also, in addition to semiconductor products, the ideas behind the 
present invention can be implemented for defect inspections and defect 
classifications in the production of various types of industrial 
products . 

[0090] 

[Effect of the Invention] 
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With the embodiments of the present invention, defects generated in 
a semiconductor wafer production process are classified automatically 
based on defect appearances so that information useful for determining 
the cause of defects can be provided. Furthermore, a classification is 
performed using the criticality of defects to the product as a guideline, 
which is a guideline that is distinct from the causes of defects. This 
provides product yield prediction information, which is needed for 
setting up production planning and the like. Also, the work needed to 
set up a defect database for classification is reduced. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a block diagram showing an architecture of a system for 
inspecting defects in semiconductor material. 
[Fig. 2] 

Fig. 2 is a drawing showing the flow of operations performed in ADR 
processing in a conventional technology. 
[Fig. 3] 

Fig. 3 is a drawing showing a flow of operations performed in ADC 
processing in a conventional technology. 
[Fig. 4] 

Fig. 4 is a drawing showing a sequence of operations performed 
in ADR processing in an automatic image classification device according 
to the present invention . 

[Fig. 5] 

Fig. 5 (a) is a block diagram showing an architecture of an automatic 
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Image classification device according to one embodiment of the present 
invention . 

Fig. 5 (b) is a front view showing a schematic architecture of an 
image capturing module . 
[Fig. 6] 

Fig. 6 is a drawing showing a sequence of operations performed in 
ADC processing in an automatic image classification device according 
to one embodiment of the present invention. 
[Fig. 7] 

Fig. 7 is a cross -sectional view of a wafer for the purpose of 
illustrating voltage contrast defect imaging principle. 
[Fig. 8] 

Fig. 8 is a drawing showing examples of categories according to one 
embodiment of the present invention. 
[Fig. 9] 

Fig. 9 shows plan views and cross-sectional views schematically 
showing differences in surface shapes in different types of defects. 
[Fig. 10] 

Fig. 10 shows images corresponding to plan and cross -sectional views 
of a wafer in which defect types and left and right images are 
schematically indicated . 
[Fig. 11] 

Fig. 11 shows plan views of a wafer in which circuit pattern defects 
are indicated schematically. 
[Fig 12] 

Fig. 12(a), Fig. 12(c), and Fig. 12(d) show plan views of a wafer. 
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Fig, 12(b) illustrates image signal intensities associated with Fig, 
12(a) . 

[Fig. 13] 

Fig. 13 is a voltage contrast image associated with plan views of 
a wafer. 

[Fig. 14] 

Fig. 14 is an example of a table used to perform categorizing. 
[Fig. 15] 

Fig. 15 is a plan view of a wafer in which killer and non-killer defects 
are indicated schematically. 
[Fig. 16] 

Fig. 16 shows a sequence of operations performed in a criticality 
evaluation procedure for particle defects. 
[Fig. 17] 

Fig. 17 is a defect image showing a sequence of operations for 
evaluating criticality . 
[Fig. 18] 

Fig. 18 is a front view of a display screen showing an example of 
a classification result display. 
[Fig. 19] 

Fig. 19 is a front -view of a display screen showing an example of 
a classification result display. 
[Fig. 20] 

Fig. 20 is an example of a category structure in an automatic image 
classification device according to the present invention. 
[Fig. 21] 
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Fig. 21 is a plan view of a wafer in which sample defects are indicated 
schematically . 

[Fig. 22] 

Fig. 22 shows a sequence of operations performed in a classification 
operation in an automatic image classification device according to the 
present invention . 
[Fig. 23] 

Fig. 23 is a front view of a display screen showing an example display 
of classification results. 

[Description of Reference Numerals] 
101* • 'visual inspection device, 102 -•• particle inspection device, 
103 ** -network, 104 ••• database , 105 ••• reviewing device, 501** -image 
capturing module, 502 •*• general control module, 503*- -image storage 
module, 504- • -image classification module, 505* • • input /output module, 
551 • • -wafer, 555 • • * electron beam, 557 - • • detector A, 558 * * • detector B , 
559 -detector C, 560 ••• detector D, 561 *-• energy filter , 1101 ••• circuit 
pattern, 1201- • -circuit pattern area, 1202- - -background area ,1501- • • 
particle, 1701 •• -rectangular area, 1801*- -icon, 1802 ••• category 
display area, 1803 •• -window, 1901 •••wafer map, 1902 • • • iamge display 
area, 1903 ••• category display area, 1904* • -graph area, 1905- --yield 
display area 
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[Document Name] ABSTRACT OF THE DISCLOSURE 
[Abstract ] 

[Object] An automatic image classification method and an automatic image 
classification device are provided, wherein the images of defects, which 
are generated in a semiconductor wafer production process and detected 
by a device for inspecting defects, are captured and information that 
is needed in setting up measures against the causes of the defects and 
with the use of the images of the defect portions, information that is 
needed in the yield prediction for the wafer to be inspected are output . 
[Constitution] A defect classification device is configured with the 
following means: an imaging means that captures images of objects to 
be inspected; a defect candidate extracting means that extracts defect 
candidate images from the images obtained from the imaging means : a first 
category classifying means that classifies defect candidate images 
extracted with the defect candidate extracting means into a first 
category; a second category classifying means that classifies defect 
candidate images extracted with the defect candidate extracting means 
into a second category; and an outputting means that outputs defect 
candidate images and first category information of defect candidates 
classified by the first category classifying means and second category 
information of defect candidates classified by the second category 
classifying means. 
[Selected Drawing] Fig. 5 



